SEMICONDUCTOR APPARATUS 
FOR PROVIDING RELIABLE DATA ANALYSYS OF SIGNALS 



Background of the Invention 

1, Field of the Invention 

The present invention relates to a 
semiconductor apparatus. More particularly, the 
present invention relates to a semiconductor 
apparatus for reliable analysis of signals. 

2. Description of the Related Art 

A semiconductor apparatus often carries out 
data analysis or comparison of signals. In 
particular, a semiconductor apparatus for testing 
a semiconductor circuit compares a circuit 
response signal from the semiconductor circuit 
with an expected response signal expected to be 
sent from the semiconductor circuit. 

A data analyzer is disclosed in Japanese 
Laid Open Patent Application ( J P - A - H e i s e i , 6- 
201801). The conventional data analyzer includes 
exclusive-OR gates 101-104 and an OR gate 105, as 
shown in Fig. 1. First inputs of the exclusive-OR 
gates 101-104 are coupled to receive a circuit 
response signal (CIRCUIT RESPONSE (X)), 
respectively. CIRCUIT RESPONSE (X) is the signal 
outputted by the semiconductor circuit to be 



tested. Second inputs of the exclusive-OR gates 
101 to 104 are coupled to receive an expected 
response signal (EXPECTED RESPONSE (X)), 
respectively. EXPECTED RESPONSE (X) is the signal 
5 expected to be outputted by the semiconductor 
circuit. Each of the exclusive-OR gates 101 to 
104, if CIRCUIT RESPONSE (X) and EXPECTED 
RESPONSE (X) coincide with each other, outputs 
"0", and if they do not coincide, outputs "1". 
10 Respective outputs of the exclusive-OR gates 101 
to 104 are connected to respective inputs of the 
OR gate 105. An output of the OR gate 105 is 
connected to a terminal 106. On the basis of a 
signal appearing in the terminal 106, it is 
15 judged whether or not CIRCUIT RESPONSE (X) and 
EXPECTED RESPONSE (X) coincide with each other. 

However, the conventional data analyzer can 
not distinguish a case when the data analyzer has 
a failure from a case when the tested 
20 semiconductor circuit has a failure. For example, 
let us suppose that the exclusive-OR gate 101 has 
a failure and the output of the exclusive-OR gate 
101 is fixed to a logic "0". In this case, it can 
not be judged from the signal outputted by the 
25 exclusive-OR gate 101 whether the exclusive-OR 
gate 101 outputs the logic "0" since signal 
CIRSUIT RESPONSE (0) and EXPECTED RESPONSE (0) 



coincide with each other, or the exclusive-OR 
gate 101 outputs the logic "0" since the 
exclusive-OR gate 101 has a failure and the 
output of the exclusive-OR gate 101 is fixed to 
5 the logic " 0 " . 

Other techniques for testing circuits are 
disclosed in Japanese Laid Open Patent 
Application (Jp-A-Heisei 10-187554, Jp-A 2000 
''il 76894 ). However, none of the disclosed techniques 

10 deals with the above-mentioned problem. 

IJl 

0] still another technique for self-testing of 
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a circuit is disclosed in Japanese Patent Gazette 
(Jp-B-Heisei 7-31610). However, the disclosed 
circuit do not achieve a reliable self-test if 

15 the testing circuit has a failure and thereby the 
output of the testing circuit is fixed to a value. 

It is desired to eliminate the possibility 
that compared signals are recognized to be 
identical because of a failure of a comparing 

2 0 circuit . 

Summary of the Invention 
Therefore, an object of the present 
invention is to provide a comparing circuit in 
25 which it is possible to eliminate the possibility 
that comparison signals are recognized to be 
identical because of a failure of the comparing 
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circuit . 

Another object of the present invention is 
to provide a comparing circuit, a failure of 
which is easily detected. 
5 Still another object of the present 

invention is to provide a comparing circuit for 
reducing a t ime . required to test the 
ijj semiconductor apparatus when the comparing 

Ol circuit is used to test a semiconductor apparatus 
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10 Still another object of the present 

jji invention is to provide a comparing circuit that 

enable to simultaneously prove that a plurality 
of the signals coincide with each other and that 
the comparing circuit itself has no failure. 
15 Still another object of the present 

invention is to provide a data analyzer for 
judging whether. or not a signal is at a 
predetermined state, a failure of which is easily 
detected . 

20 Still another object of the present 

invention is to provide a data analyzer that 
enables to simultaneously prove that a signal{s) 
is at some state and that the data analyzer 
itself has no failure. 
25 In order to achieve an aspect of the 

present invention, a semiconductor apparatus is 
composed of a signal providing circuit and a data 
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analyzer. The signal providing circuit provides 
an input signal set including at least one input 
signal. The data analyzer outputs a digital 
result signal in synchronization with a clock 
5 signal. The data analyzer inverts the digital 

result signal at a timing indicated by the clock 
signal while the input signal set is in a 
predetermined state, and does not invert the 
digital result signal while the input signal set 
10 is not in the predetermined state. 

i 

In the case when the input signal set 
includes first and second digital signals, the 
Hp predetermined state may be a coincident state in 

which the first and second digital signal 
15 coincide with each other. 

The data analyzer preferably includes a 
logic circuit outputting a flip-flop input signal 
in response to the input signal set, and a flip- 
flop latching the flip-flop input signal to store 
20 a storage datum, and outputting the digital 

result signal in response to the storage datum. 
In this case, the logic circuit preferably 
outputs the flip-flop input signal so as to 
appear an inverse of the storage datum while the 
25 input signai set is in a pr e de r ermined srate, and 
outputs the flip-flop input signal so as to 
indicate the storage datum while the input signal 
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set is not in a predetermined state. 

In the case when the at least one input 
signal is digital, the logic circuit preferably 
is composed of an inverter which receives the 
5 storage datum and outputs an inverted signal 
indicative of an inverse of the storage datum, 
and an exclusive OR gate outputting the flip-flop 
input signal so as to indicate an exclusive OR of 
the at least on input signal and the inverted 
lOsignal. 

In order to achieve another aspect of the 
present invention, a s emi c on du c t o r ap p ar a t u s is 
composed of a set of n comparators responsive to 
2n input signals for outputting n digital result 

15 signals, and an OR gate outputting a total result 
signal indicative of an OR of the n digital 
result signals. An i-th comparator (i being an 
natural number not more than n) of the n 
comparator is responsive to a (2i-l)-th input 

20 signal and a 2i-th input signal of the 2n input 
signals for outputting an i-th digital result 
signal of the n digital result signals in 
synchronization with a clock signal. The i-th 
comparator inverts the i-th digital result signal 

25 at a timing indicated by the clock signal while 
the (2i-l)-th input signal and the 2i-th input 
signal coincide with each other, and does not 
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invert the digital result signal while the (2i- 
l)-th input signal and the 2i-th input signal do 
not coincide with each other. 

In order to achieve still another aspect of 
5 the present invention, a semiconductor apparatus 
is composed of a set of n comparators which is 
responsive to 2h input signals for outputting n 
digital result signals, and an AND gate 
outputting a total result signal indicative of an 
10 AND of the n digital result signals. An i-th 

comparator (i being an natural number not more 
than n) of the n comparator is responsive to a 



Q 

(2i-l)-th input signal and a 2i-th input signal 



of the 2n input signals for outputting an i-th 
15 digital result signal of the n digital result 

signals in synchronization with a clock signal. 
The i-th comparator inverts the i-th digital 
result signal at a timing indicated by the clock 
signal while the (2i-l)-th input signal and the 
20 2i-th input signal coincide with each other, and 
does not invert the digital result signal while 
the (2i-l.)-th input signal and the 2i-th input 
signal do not coincide with each other. 

In order to achieve still another aspect of 
25 the present invention, a semiconductor apparatus 
is composed of an address generator, a test 
pattern generator and a comparator. The address 
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generator provides a tested memory with an 
address. The test pattern generator provides the 
test memory with a test pattern to have an access 
to the address, and generates an expected pattern 
5 expected to be outputted from the tested memory. 
The comparator compares an output pattern from 
the tested memory with the expected pattern to 
□ output a digital result signal in synchronization 

€1 with a clock signal. The comparator inverts the 
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10 digital result signal at a timing indicated by 

i 

the clock signal while the output pattern 
coincides with the expected pattern, and does not 
invert the digital result signal while the output 
pattern does not coincide with the expected 

15 pat tern . 

The tested memory and the semiconductor 
apparatus are preferably embedded in a single 
semiconductor chip. 

In order to achieve still another aspect of 

20 the present invention, a semiconductor apparatus 
is composed of a plurality of test circuits and 
an OR gate. Each of the test circuits includes an 
address generator which provides a tested memory 
with an address, a test pattern generator which 

25 provides the test memory with a test pattern ro 
have an access to the address, and generates an 
expected pattern expected to be outputted from 



the tested memory, and a comparator which 
compares an output pattern from the tested memory 
with the expected pattern to output a digital 
result signal in synchronization with a clock 
5 signal. The comparator inverts the digital result 
signal at a timing indicated by the clock signal 
while the output pattern coincides with the 
expected pat tern , and does not invert the digital 
result signal while the output pattern does not 

10 coincide with the expected pattern. The OR gate 

outputs a total result signal indicative of an OR 
of the digital result signal. 

In order to achieve still another aspect of 
the present invention, a semiconductor apparatus 

15 is composed of a plurality of test circuits and 
an AND gate. Each of the test circuits includes 
an address generator which provides a tested 
memory with an address, a test pattern generator 
which provides the test memory with a test 

20 pattern to have an access to the address, and 
generates an expected pattern expected to be 
outputted from the tested memory, and a 
comparator which compares an output pattern from 
the tested memory with the expected pattern to 

25 output a digital result signal in synchronization 
with a clock signal. The comparator inverts the 
digital result signal at a timing indicated by 



- 10 - 

the clock signal while the output pattern 
coincides with the expected pattern, and does not 
invert the digital result signal while the output 
pattern does not coincide with the expected 
5 pattern. The AND gate outputs a total result 

signal indicative of an AND of the digital result 
signal . 

In order to achieve still another aspect of 
the present invention, a method of operating a 
IJl 10 semiconductor apparatus is composed of: 

providing an input signal set including at 
least one input signal; 

outputtin^g a digital result signal in 
response to the input signal set in 
15 synchronization with a clock signal; wherein the 
digital result signal is inverted at a timing 
indicated by the clock signal while the input 
signal set is in a predetermined state, and is 
not inverted while the input signal set is not in 
2 0 the predetermined state. 

In order to achieve still another aspect' of 
the present invention, a method of testing a 
circuit is composed of: 

inputting an output pattern from the 
25 circuit to a semiconductor apparatus; 

inputting an expected pattern to the 
semiconductor apparatus, the expected pattern 
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being expected to be outputted from the circuit; 

inputting a clock signal to the 
semiconductor apparatus; 

outputting a digital result signal by the 
5 semiconductor apparatus in response to the output 
pattern and the expected pattern in 
synchronization with the clock signal, wherein 
the digital result signal is inverted at a timing 
indicated by the clock signal while the output 
10 pattern coincides with the expected pattern, and 
is not inverted while the output pattern does not 
coincide with the expected pattern. 

Brief Description of the Drawings 

3^5 Fig. 1 is a conventional data analyzer; 

Fig. 2 is a block diagram illustrating a 
comparator in a first embodiment in accordance 
with the present invention; 

Fig. 3 shows a truth table of a logic 

20circuitl; 

Fig. 4 is a timing chart showing an 
operation of the comparator of the first 
embodiment according to the present invention; 

Fig. 5 shows an inspecting circuit of the 
25 first embodiment according to the present 
invention ;, 

Fig. 6 is a flowchart showing a procedure 
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Of an inspection using the inspecting circuit of 
the first embodiment according to the present 
invent ion ; 

Fig. 7 is a timing chart showing an 
5 operation of the inspecting circuit of the first 
embodiment according to the present invention; 

Fig. 8 shows a data analyzer in a second 
embodiment in accordance with the present 
invention; and 
10 Fig. 9 shows an example of the data 

i 

analyzer in the second embodiment. 

Description of the Preferred Embodiments 

A semiconductor apparatus of an embodiment 
15 according to the p r e s e n t i n ve n t i o n will be 

described below with reference to the attached 
drawings . 

First F.mbodiment 
20 The semiconductor apparatus in the first 

embodiment is a comparator constituted by 
semiconductor circuits. The comparator is used in 
a circuit for testing the semiconductor circuit, 
more preferably used for a BIST (Build In Self 
25 Test) circuit. 

Fig. 2 shows the configuration of the 
comparator in the first embodiment. The 
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comparator 10 compares an output pattern DOUT 
with an expected pattern DATAE , the output 
pattern DOUT being outputted from the 
semiconductor circuit, and the expected pattern 
5 DATAE being expected to be outputted from the 

semiconductor circuit. If the output pattern DOUT 
and the expected pattern DATAE coincide with each 
other, the semiconductor circuit is proved to 
have no failure. The comparator 10 outputs a 
10 result signal RESULT indicative of the comparison 

i 

result, that is, the comparator 10 judges whether 
or not the output pattern DOUT and the expected 
pattern DATAE coincide with each other, and 
outputs a result signal RESULT indicative of the 
15 Judged result. 



expected pattern DATAE coincide with each other, 
the comparator 10 inverts the result signal 
RESULT for each rise of a clock signal CLK. On 

20 the other hand, while the output pattern DOUT and 
the expected pattern DATAE do not coincide with 
each other, that is, the output pattern DOUT and 
the expected pattern DATAE disagree with each 
other, the comparator 10 does not invert the 

2 5 result signal RESULT even after the rise of the 
clock signal CLK, and keeps the result signal 
RESULT unchanged. 



While the 



output pattern 



DOUT and the 
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The comparator 10 will be described below 
in detail . 

The comparator 10 includes the logic 
circuit 1 and a flip-flop 2. The logic circuit 1 
5 includes an inverter 3 and an exclusive OR (XOR) 
gate 4. An input of the inverter 3 is connected 
to an output Q of the flip-flop 2. An output of 
the inverter 3 is connected to a first input of 
the XOR gate 4. The output pattern DOUT is 
10 inputted to a second input of the XOR gate 4. The 
expected pattern DATAE is inputted to a third 
input of the XOR gate 4. The XOR gate 4 outputs a 
signal DIN to an input D of the flip-flop 2. 

The flip-flop 2 is triggered by rising 
15 edges of the clock signal CLK to latch the signal 
DIN. A "High" level (a power supply potential) of 
the signal DIN corresponds to a data "1", and the 
"Low" level (a ground potential) of the signal 
DIN corresponds to a data "0". The flip-flop 2 
20 stores the digital data of "1" or "0" 

corresponding to the latched signal DIN. 

The flip-flop 2 further includes a reset 
terminal RESTET. If a signal Reset of the "High" 
level is inputted to the reset terminal RESTET, 
25 the flip-flop 2 is reset to store the aara "0". 

The flip-flop 2 outputs a signal QOUT 
indicative of the data stored in the flip-flop 2 
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from an output Q. The flip-flop 2 sets the signal 
QOUT at the "High" level when storing the data 
" 1 " , and sets the signal QOUT at the "Low" level 
when storing the data "0". The output Q of the 
flip-flop 2 is connected to an output terminal 5. 

The result signal RESULT is outputted from 
the output terminal 5. The result signal RESULT 
coincides with the signal QOUT outputted by the 
flip-flop 2. 

The operation of the comparator 10 will be 

described below. 

Fig. 3 shows a truth table of the logic 
circuit 1. The logic circuit 1 outputs the 
inverse of the signal QOUT outputted by the flip- 
flop 2 as the signal DIN, while the output 
pattern DOUT and the expected pattern DATAE 
coincide with each other. The flip-flop 2 is 
triggered by the rising edge of the clock signal 
CLK to latch the signal DIN, and the signal QOUT 
is inverted for each rising edge of the clock 
signal CLK while the output pattern DOUT and the 
expected pattern DATAE coincide with each other. 
The result signal RESULT, which is identical to 
the signal QOUT, is also inverted for each rise 
of the clock signal CLK while the outpur pattern 
DOUT and the expected pattern DATAE coincide with 
each other . 
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On the other hand, the logic circuit 1 
outputs the signal QOUT identical to the signal 
DIN while the output pattern DOUT and the 
expected pattern DATAE do not coincide with each 
5 other. The data stored in the flip-flop 2 is not 
inverted, and is kept unchanged while the output 
pattern DOUT and the expected pattern DATAE 
disagree with each other. The result signal 
RESULT, which is identical to the signal QOUT 
10 outputted by the flip-flop 2, is kept unchanged. 

Inversions of the result signal RESULT for 
^ each rise of the clock signal CLK imply that the 

^ expected pattern DATAE and the output pattern 

fU DOUT coincide with each other. 

15 On the other hand, if the result signal 

RESULT is not inverted for every rise of the 
clock signal CLK, it implies that the output 
pattern DOUT and the expected pattern DATAE 
disagree with each other or that the comparator 
20 10 has any failure. Another inspection on the 

basis the result signal RESULT may be needed to 
distinguish disagreement of the output pattern 
DOUT and the expected pattern DATAE from the 
failure of the comparator 10. 
25 The operation of the comparator 10 

substantially eliminates the possibility of 
erroneously judging that the output pattern DOUT 
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and the expected pattern DATAE coincide with each 
other as the result of the failure in the 
comparator 10. The operation of inverting the 
result signal RESULT for each rise of the clock 
5 signal CLK by the comparator 10 is substantially 
impossible when the comparator 10 has a failure. 
As for the simple semiconductor circuit such as a 
flip-flop, an inverter, and a basic logic gate, a 
signal line through which the semiconductor 

10 circuit outputs a signal is fixed to the "High" 
level (power supply potential), the "Low" level 
(ground level) or the high impedance state, the 
high impedance state implying the signalline is 
electrically isolated from the power supply 

15 potential and the ground level. Therefore, if the 
comparator 10 has a failure, the result signal 
RESULT is fixed to the "High" level, the "Low" 
level, or the high impedance state. This implies 
the possibility that the comparator 10 has a 

20 failure is substantially 0 when the comparator 10 
carries out the operation for inverting the 
result signal RESULT for each rise of the clock 
signal CLK. 

As is described, the comparator 10 in the 

25 embodiment carries out the operation tor 

inverting and outputting the result signal RESULT 
for each rise of the clock signal CLK. The 
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inversions of result signal RESULT for each rise 
of the clock signal CLK proves that the output 
pattern DOUT and the expected pattern DATAE 
coincide with each other, and also that the 
5 comparator 10 has no failure. 

An example of the operation of the 
comparator 10 is described with reference to a 
timing chart shown in Fig. 4. 

10 Period t < to : 

A signal of the "High" level is inputted to 
the RESTET terminal of the flip-flop 2, and the 
flip-flop 2 is reset. The flip-flop 2 stores the 
data "0", and the result signal RESULT becomes at 

15 the "Low" level. 

Period t0^t<t2: 

At the time to, the provision of the output 

pattern DOUT and the expected pattern DATAE is 

20 started. While to^t<t2, the output pattern DOUT 

and the expected pattern DATAE are both at the 

"High" level. In the period from the time to to 

the time t^, the output pattern DOUT and the 

expected pattern DATAE coincide with each other. 

25 The signal DIN inputted to the flip-flop 2 

becomes the inverse of the signal QOUT out putted 

from the flip-flop 2. Thus, the flip-flop 2 
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inverts the signal QOUT for each rise of the 
clock signal CLK. The "High" level and the "Low" 
level alternately appear in the result signal 
RESULT, due to the inversions for each rise of 
the clock signal CLK. 

Period 1 2= t < 1 3 : 

At the time t^, the output pattern DOUT is 
pulled down to the "Low" level. Then, at a time 
t3i, the clock signal CLK is pulled up to the 

i 

"High" level. At the time t3i, the output pattern 
DOUT and the expected pattern DATAE disagree with 
each other. Thus, at the time tj^, the signal 
QOUT outputted from the flip-flop 2 is identical 
to signal DIN inputted to the flip-flop 2. At the 
time t3i, the flip-flop 2 does not invert the 
signal QOUT, and the signal QOUT is kept 
unchanged even if the clock signal CLK is pulled 
up. The result signal RESULT is also kept 
unchanged. The fact that the result signal RESULT 
is not inverted even after the rise of the clock 
signal CLK suggests the output pattern DOUT and 
the expected pattern DATAE do not coincide with 
each other . 

After that, at a time t32, the output 
pattern DOUT is pulled up to the "High" level. In 
a period from the time t32 to the time t3, the 
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output pattern DOUT and the expected pattern 
DATAE coincide with each other. In the period 
from the time t32 to the time t3, the result 
signal RESULT is also inverted for each rise of 
the clock signal CLK . 

Period t ^ 1 3 : 

In the period t^t3, the output pattern DOUT 
and the expected pattern DATAE coincide with each 
other. The flip-flop 2 outputs the signal QOUT 
while inverting the signal QOUT for each rise of 
the clock signal CLK. The result signal RESULT is 
also inverted for each rise of the clock signal 
CLK. 

The result signal RESULT having the above- 
mentioned waveform proves that the tested 
semiconductor circuit has a failure, while the 
comparator 10 implements a normal operation. 

At first, in the period t,^t<t^. the "High" 
level and the "Low" level alternately appears in 
the result signal RESULT, and the signal QOUT is 
inverted for each rise of the clock signal CLK. 
This proves that the normal operation of the 
comparator 10 is achieved. As mentioned above, 
the signal lines of the comparator 10 is fixed cu 
the "High" level, the "Low" level or the high 
impedance state when the comparator 10 has a 
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failure. When having a failure, the comparator 10 
is substantially impossible to carry out the 
operation for inverting the result signal RESULT 
for each rise of the clock signal CLK. 
5 For example, let us suppose an output of 

the XOR gate 4 is fixed to the "High" level. In 
this case, the flip-flop 2 always latches the 
signal DIN of the "High" level. The flip-flop 2 
continues to output the "High" level for the 
10 signal QOUT. The result signal RESULT is also 
fixed to the "High" level. Similarly, when the" 

m 

U1 output of the flip-flop 2 or the inverter 3 is 

p fixed to a certain state, this results in that 

Sj - the result signal RESULT is fixed to a constant 

p 15 state. 

Moreover, there is the period in which the 
result signal RESULT is not inverted even after 
the rise of the clock signal CLK during the 
period t2^t<t3. This proves the tested 
20 semiconductor circuit has a failure. The normal 

operation of the comparator 10 is determined from 
the result signal RESULT outputted in the period 
to^t<t2, and therefore the non - in ver t ing result 
signal RESULT proves the existence of the failure 
25 in the tested semiconductor circuit. 

The test result indicated by the result 
signal RESULT can be classified into the 
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following three cases. 

If the result signal RESULT is inverted for 
every rise of the clock signal CLK, it proves 
that the output pattern DOUT and the expected 
5 pattern DATAE perfectly, coincide with each other 
so that both the semiconductor circuit targeted 
for the test and the comparator 10 are normally 
operated . 

On the other hand, as shown in Fig, 3, if 
10 the resultsignal RESULT is inverted for each 

i 

rise of the clock signal CLK in a certain period 
and not inverted even after the rise of the clock 
signal CLK in another period, it proves that the 
tested semiconductor circuit has a failure while 

15 although the comparator 10 is normal. If the 
comparator 10 has a failure, it can not be 
considered that the operation for inverting the 
result signal RESULT for each rise of the clock 
signal CLK is carried out even in the transient 

2 0 manner . 

Also, if the result signal RESULT is not 
inverted at all even after the rise of the clock 
signal CLK, it is not possible to judge which of 
the tested semiconductor circuit and the 

25 comparator 10 has any failures. in order to 
determine which of the tested semiconductor 
circuit and the comparator 10 has any failures. 
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it is necessary to judge by inspecting each of 
them. In the embodiment, it is only this case 
that requires the separate inspection with regard 
to the tested semiconductor circuit and the 
5 comparator 10, in order to determine which of the 
tested semiconductor circuit and the comparator 
10 has any failures. If it is not necessary to 
determine which of the tested semiconductor 
circuit and the comparator 10 has any failures, 

10 it is not necessary to s i n g ly ' i n s p e c t the 
comparator 10. 

In this way, differently from the. 
conventional comparison analysis circuit shown in 
Fig. 1, the possibility that the signal 

15 indicative of the normal operation of the tested 
semiconductor circuit appears in the result 
signal RESULT while the tested semiconductor 
circuit has the failure is substantially 
perfectly removed in this embodiment. If the 

20 signal indicative of the normal operation of the 
tested semiconductor circuit appears in the 
result signal RESULT, it is not necessary to 
again inspect the comparator 10 and then confirm 
the normal operation of the comparator 10. In 

25 this way, the comparator 10 in this embodiment 
can test the comparator 10 itself while testing 
the semiconductor. The usage of the comparator 10 
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in the embodiment enables the semiconductor 
circuit to be effectively inspected. The 
comparator 10 in the embodiment having such 
feature is especially suitable for the usage in a 
5 BIST (Built In Self Test) circuit requiring a 
high reliability. 

When comparator 10 in the embodiment is 
used to inspect a plurality of semiconductor 
circuits, the comparator 10 in this embodiment is 
10 provided to each of the plurality of 

semiconductor circuits. If the plurality of 
comparators 10 are provided, it is possible to 
integrate the result signals outputted by the 
comparators 10 into a single signal, and 
15 effectively inspect the plurality of 
s e m i c o n d u ctor circuits. 

Fig. 5 shows a semiconductor apparatus in 
which a plurality of BIST (Built In Self Test) 
circuits each including a comparator having the 
20 same configuration as the above-mentioned 

comparator 10 are mounted. The semiconductor 
apparatus includes BIST circuits 20a, 20b and an 
OR gate 21. The BIST circuits 20a, 20b and an OR 
gate 21 are provided for testing a DRAM 22a and a 
25 SRAM 22b, and The BIST circuits 20a, 20b, the OR 
gate 21, the DRAM 22a and the SRAM 22b are 
embedded in a single semiconductor chip. 
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The BIST circuit 20a tests the DRAM 22a, 
and outputs a result signal RESULT_A indicative 
of the test result. The BIST circuit 20a, while 
judging that the DRAM 22a is normally operated, 
inverts the result signal RESULT_A for each rise 
of the clock signal CLK . The BIST circuit 20a, 
while Judging that the DRAM 22a is not normally 
operated, does not invert the result signal 
RESULT A even if the clock signal CLK is risen. 



o 

^ 10 and keeps the result signal RESULT_A unchanged. 



The BIST circuit 20b tests the SRAM 22b, 
and outputs a result signal RESULT_B indicative 
of the test result. The BIST circuit 20b, while 
judging that the SRAM 22b is normally operated, 

15 inverts the result signal RESULT_B for each rise 
of the clock signal CLK from the "Low" level to 
the "High" level. The BIST circuit 20b, while 
judging that the SRAM 22b is not normally 
operated, does not invert the result signal 

20 RESULT_B even if the clock signal CLK is risen, 
and keeps the result signal RESULT_B unchanged . 

Both the result signal RESULT_A and the 
result signal RESULT_B are digital signals. The 
result signal RESULT_A and the result signal 

25 RESULT„B are inputted to the OR gate 21. 

The OR gate 21 outputs a total result 
signal. RESULT^All indicative of the OR of the 
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result signal RESULT_A and the result signal 
RESULT_B. As a result, if both the DRAM 22a and 
the SRAM 22b are normally operated, the total 
result signal RESULT_A11 is inverted for each 
5 rise of the clock signal. 

The configuration of the BIST circuit 20a 
is described in detail. The BIST circuit 20a 
includes an address generator 11a, a test pattern 
generator 12a and a comparator 10a. The 

10 comparator 10a has the same configuration as the 

i 

above comparator 10 having the configuration 
shown in Fig. 1, and carries out the same 
operation . 

The address generator 11a outputs an 
15 address signal ADD_A to the DRAM 22a. The address 
signal ADD_A indicates an address of the DRAM 22a 
from and to which data is read and written. 

The operation of the address generator 11a 
is allowed by a signal TMODE_A. The address 
20 generator 11a outputs the address signal ADD_A to 
the DRAM 22a while the signal TMODE_A is at the 
"High" level. While the signal TMODE_A is at the 
"Low" level, the address generator 11a does not 
output the address signal ADD_A. 
25 The test pattern generator 12a outputs a 

test pattern DTEST_A to the DRAM 22a. Moreover, 
the test pattern generator 12a generates an 
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expected pattern DOUT__A expected to be outputted 
by the DRAM 22a, and outputs to the comparator 
10a . 

The operation of the test pattern generator 
12a is allowed by the signal TMODE_A. The test 
pattern generator 12a outputs the test pattern 
DTEST_A to the DRAM 22a while the signal TMODE_A 
is at the "High" level. The test pattern 
generator 12a does not output the test pattern 
DTEST_A while the signal TMODE_A is at the "Low" 

i 

level . 

The address signal ADD_A and the test 
pattern DTEST_A, which are respectively generated 
by the address generator 11a and the test pattern 
generator 12a, are inputted to the DRAM 22a. The 
DRAM 22a writes the data indicated by the test 
pattern DTEST_A to an address indicated by the 
address signal ADD_A. In succession, the DRAM 22c 
reads the data from the address, and outputs an 
output pattern DOUT_A to the comparator 10a of 
the BIST circuit 20a. 

The comparator 10a has the same 
configuration as the comparator 10 shown in Fig. 
1, and carries out the same operation. That is, 
the comparator 10a inverts the result signal 
RESULT_A for each rise of the clock signal CLK 
while the output pattern DOUT_A and the expected 
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pattern DATAE_A coincide with each other. On the 
other hand, while the output pattern DOUT_A and 
the expected pattern DATAE_A do not coincide with 
each other, the comparator 10a does, not invert 
5 the result signal RESULT_A even after the rise of 
the clock signal CLK, and keeps the result signal 
RESULT_A unchanged. When the signal Reset_A is 
set at the "High" level, the comparator 10a is 
set at the state for outputting the result signal 
10 RESULT_A at the "Low" level. 

The BIST circuit 20b has the same 
configuration as the BIST circuit 20a and carries 
out the same operation as the BIST circuit 20a 
except for testing the SRAM 22b instead of the 
15 DRAM 22a. The BIST circuit 20b includes an 

address generator lib, a test pattern generator 
12b and a comparator 10b. The compar at or 1 Ob has 
the same configuration as the above comparator 10 
having the configuration shown in Fig. 1, and 
2 0 carries out the same operation. The detailed 

explanation of the BIST circuit 20b is not done. 

In succession, the process for inspecting 
the DRAM 22a and the SRAM 22b by using the BIST 
circuits 20a, 20b shown in Fig. 4 is described. 
25 At first, an operation test of the BIST 

circuit 20a is carried out (Step SOI). A signal 
TMODE_A is set at the "High" level for a certain 
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period. While the signal TMODE„A is at the "High- 
level, a test pattern DTEST_A is written to a 
memory cell of the DRAM 22a selected in 
accordance with an address signal ADD_A generated 
5 by the address generator lla. After that, the 
data of the memory cell selected in accordance 
with the address signal ADD_A is read, and the 
read data is outputted to the comparator 10a as 
an output pattern DOUT_A. Moreover, an expected 
10 pattern DATAE_A is generated and outputted to the 
comparator 10a. The comparator 10a compares the 
output pattern DOUT_A with the expected pattern 
DATAE_A, and a result signal RESULT_A is 
generated. If the result signal RESULT_A is 
15 inverted for each rise of the clock signal CLK, 
the comparator 10a is judged to be normal. 

The test pattern DTEST_A generated for the 
operation test of the BIST circuit 20a does not 
require the length that substantially enables the 
20 normal operation of the DRAM 22a to be perfectly 
determined. It is sufficient that the test 
pattern DTEST_A has the length that substantially 
enables the normal operation of the comparator 
10a to be judged. The signal TMODE_A is set at 
25 the "High" level for a time while it is possiDie 
to substantially confirm the normal operation of 
the comparator 10a. 
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In succession, the operation test of the 
BIST circuit 20b is done (Step S02). The 
operation test of the BIST circuit 20b is done 
similarly to that of the BIST circuit 20a. That 
5 is, a signal TMODE_B is set at the "High" level 
for a time while it is possible to substantially 
confirm the normal operation of the comparator 
10b . 

In succession, the DRAM 22a and the SRAM 
10 22b are tested at the same time (Step S03). Fig. 
6 is a timing chart showing the process for 
testing the DRAM 22a and the SRAM 22b at the step 
SOS. Here, the comparison between the expected 
nJ pattern and the output pattern is done every 

□ 15 three clocks. Typically, in the BIST circuit, an 

M 

operation for writing and reading a data is 
carried out for one address. Therefore, two 
clocks or more are required as a temporal 
interval for the comparison between the expected 
20 pattern and the output pattern. Here, the 

operation in which the comparison between the 
output pattern and the expected pattern is done 
every three clocks is described.. 

25 Period Tp^^ (t<tio): 

The signal TMODE_A and the signal TMODE_B 
are set at the "High" level, and both the BIST 
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Circuits 20a, 20b are set at an enabled state. 
Moreover, Signals Reset^A, Reset_B are set at the 
"High" level. Both the comparators 10a, 10b are 
set at the state for outputting the "Low" level. 

5 

Period T^o^ (t^^^tKt^^)' 

The data of an address 0 and an address 1 

are inputted in order from the DRAM 22a and the 
SRAM 22b to the BIST circuits 20a, 20b, 
10 respectively. 

The expected pattern DATAE_A and the output 
pattern DOUT_A , which are outputted from the DRAM 
22a, are both at the "Low" level for the periods 
Tio, Til and coincide with each other. The result 
15 signal RESULT_A outputted by the comparator 10a 

is inverted for each rise of the clock signal CLK. 

Similarly, the expected pattern DATAE_B and 
the output pattern DOUT_B , which are outputted 
from the SRAM 22b, are both at the "High" level 
20 for the periods T.^ , T^^, and coincide with each 
other. The result signal RESULT^B outputted by 
the comparator 10b is inverted for each rise of 
the clock signal CLK. 

The total result signal RESULT_A11 is the 
25 OR of the result signal RESULT„A and the resuir 
signal RESULT_B. Thus, the total result signal 
RESULT_A11 is inverted for each rise of the clock 



yi 



5 

c 

%^ £ 

p 



- 32 - 

signal CLK . 

The total result signal RESULT_A11 proves 
that both the DRAM 22a and the SRAM 22b have no 
failure, in the address 0 and the address 1. 
5 At a time ti2 when the period ends, the 

data to be used to test an address 2 is inputted 
to the BIST circuits 20a, 20b on the basis of the 
output pattern DOUT_A and the output pattern 
DOUT_B . At the time ti2o just before the time t^^. 
10 the output pattern DOUT_A is kept at the "Low" 

level. The output pattern DOUT_B is pulled down 
to the "Low" level. 

Period T12 {ti2~t<ti3): 

15 The data of the address 2 is inputted from 

the DRAM 22a and the SRAM 22b to the BIST 
circuits 20a, 20b, respectively. As mentioned 
above, at the time t^^, both of the output pattern 
DOUT_A and DOUT_B are at the "Low" level. 

20 At a time t^ji just after the time t^j* the 

clock signal CLK is pulled up to the "High" level. 
At the time t.^i' the output pattern DOUT_A and 
the expected pattern DATAE_A coincide with each 
other. The result signal RESULT_A outputted by 

25 the comparator 10a is inverted at the time ti2i- 
On the other hand, the output pattern 
DOUT_B and the expected pattern DATAE_B do not 
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coincide with each other. The result signal 
RESULT_B outputted by the comparator 10b is not 
inverted even after the rise of the clock signal 
CLK at the time t^^^. The result signal RESULT_B 
5 is kept unchanged at the "Low" level. 

The total result signal RESULT_A11, which 
indicates the OR of the result signal RESULT_A 
and the result signal RESULT_B, is pulled up to 
the "High", level in response to the pull-up of 
10 the result signal RESULT_.A. 

In succession, at a time t^^z' the, output 
pattern DOUT_B is pulled up to the "High" level. 

After that, at a time t^^s' the clock signal 
CLK is pulled up to the "High" level. At the time 
15 ti23, the output pattern DOUT_A and the expected 
pattern DATAE_A coincide with each other. The 
result signal RESULT_A outputted by the 
comparator 10a is inverted at the time tj^22' and 
pulled down to the "Low" level. 
20 Similarly, at the time ti22' the output 

pattern DOUT_B and the expected pattern DATAE_B 
coincide with each other. The result signal 
RESULT_B outputted by the comparator 10b is 
inverted at the time tl22. The result signal 
25 RESULT_B is pulled down to the "High" level. 

The total result signal RESULT_A11, which 
indicates the OR of the result signal RESULT_A 
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and the result signal RESULT„B, is kept at the 
"High" level in response to the pull-up of the 
output pattern DOUT_B . 

During the period from the time t^22 
5 time ti3, the output pattern DOUT_A and the 

expected pattern DATAE_A coincide with each other, 
and the output pattern DOUT_B and the expected 
pattern DATAE_B coincide with each other. As a 
result, the result signal RESULT_A and the result 
10 signal RESULT_B are both inverted at the time t^23 
when the clock signal CLK is pulled up. However, 
at the time t^:,^. although the result signal 
RESULT_B is pulled down to the "Low" level, the 
result signal RESULT__A is pulled up to the "High" 
15 level. Thus, the total result signal RESULT_A11 
is also kept at the "High" level. 

On and after the time t^^^, the total result 
signal RESULT_A11 is fixed to the "High" level 
because of the existence of the period in which 
20 the output pattern DOUT_B and the expected 

pattern DATAE_B do not coincide with each other. 
The total result signal RESULT_A11, which is 
fixed to the "High" level, proves that there is a 
failure in any address 2 of the DRAM 22a and the 
25 SRAM 22b. 
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The output pattern DOUT_A and the expected 
pattern DATAE_A coincide with each other, and the 
output pattern DOUT_B and the expected pattern 
DATAE__B coincide with each other. As a result, 
5 the result signal RESULT_A and the result signal 
RESULT_B are both inverted for each rise of the 
clock signal CLK. 

However, the result signal RESULT_A and the 
result signal RESULT_B are alternately set to the 
10 "High" level. Consequently, the total result 
signal RESULT_A11 is successively kept at the 
"High" level. 

As explained above, in the semiconductor 
apparatus shown in Fig. 5, only from the total 
15 result signal RESULT_A11, it is possible to judge 
whether both of the DRAM 22a and the SRAM 22b 
have no failure, or one of them has a failure. If 
the total result signal RESULT_A11 is always 
inverted for each rise of the clock signal CLK, 
20 it proves that both of the DRAM 22a and the SRAM 
22b have no failure. If there is the period in 
which the total result signal RESULT_A11 is not 
inverted even after the rise of the clock, signal 
CLK, it proves that one of the DRAM 22a and the 
25 SRAM 22b has a failure. In the semiconduct uj. 

apparatus in which such a judgment can be done 
only from the total result signal RESULT_A11, it 
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is possible to reduce the test time. The 
semiconductor apparatus is preferably used for a 
LSI to which a DRAM and a SRAM are embedded. A 
BIST circuit is usually unable to test both a 
5 DRAM and a SRAM. The configuration mentioned 

above enables the simultaneous test of a DRAM and 
a SRAM by BIST circuits. 

In the semiconductor apparatus shown in Fig. 
5, the OR gate 21 can be replaced by an AND gate. 
10 Also in such a case, only from the total result 
signal RESULT_A11, it is possible to judge 
whether both of the DRAM 22a and the SRAM 22b 
have no failure, or one of them has a failure. 
As mentioned above, the semiconductor 
15 apparatus shown in Fig. 5 includes the two BIST 
circuits. However, it should be understood that 
the semiconductor apparatus may include three or 
more BIST circuits. 

20 Rftcond Kmbo diment 

A semico'nduct or apparatus in the second 
embodiment in accordance with the present 
invention is a data analyzer consisting of 
semiconductor circuits. Fig. 8 shows the 

25 configuration of the data analyzer in the second 
embodiment . 

A data analyzer 30 in the embodiment judges 
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whether or not input signals XI to XN inputted 
thereto are at a predetermined state. All of the 
input signals X^ to X^, are digital signals. 

The data analyzer 30 includes a logic 
5 circuit 31 and a flip-flop 32. 

The input signals X^ to X^, and an output 
signal QOUT outputted from an output Q of the 
flip-flop 32 are inputted to the logic circuit 31, 
N being a natural number. The logic circuit 31 
10 outputs a signal DIN indicative of an inverse of 
the output signal QOUT while the input signals X^ 
to X^ are at t he . p r e de t e rmi n e d state. On the 
other hand, the logic circuit 31 outputs the 
signal DIN identical to the output signal while 
15 the input signals X^ to X„ are not at the 
predetermined state. 

The flip-flop 32 latches the signal DIN for 
each rise of the clock signal CLK . The flip-flop 
32 stores a digital data which is "1" or "0" 
20 indicated by the signal DIN. 

The flip-flop 32 further includes a reset 
terminal RESET. When a signal of the "High" level 
is inputted to the reset terminal RESTET, the 
flip-flop 32 is reset to store the data "0" 
25 The flip-flop 32 outputs the signal QOUT 

indicative of the data stored therein from the 
output Q. The flip-flop 32, while storing the 
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data 1 " , outputs the signal QOUT at the "High" 
level- The flip-flop 32, while storing the data 
"0" outputs the signal QOUT at the "Low" level. 
The output Q of the flip-flop 32 is connected to 
5 an output terminal 33. 

A result signal RESULT indicating whether 
or not the input signals to are at the 

predetermined state is outputted from the output 
terminal 33. The result signal RESULT coincides 
10 with the signal QOUT outputted by the flip-flop 
3 2 . 

The data analyzer 3 0 inverts the result 
signal RESULT for each of the rise of the clock 
signal CLK while the input signals X^ to X^ are at 
15 the predetermined state. While the input signals 
Xi to Xf, are not at the predetermined state, the 
data analyzer 30 does not invert the result 
signal RESULT even after the rise of the clock 
signal CLK . 

20 The operation of the data analyzer enables 

to prove not only that the input signals X^ to X^ 
are at the predetermined state but also that the 
data analyzer 30 has no failure. If the result 
signal RESULT is inverted for each rise of the 

25 clock signal CLK, it proves that the input 

signals X^ to X„ are at the predetermined state 
and the data analyzer 30 has no' failure, as is 
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explained in the first embodiment. 

Fig. 8 shows an example of the data 
analyzer 30. Hereafter, the data analyzer 30 
shown in Fig. 8 is referred to as a data analyzer 
5 30a . 

The data analyzer 30a is the judging 
circuit for judging whether or not the input 
signal is at the "High" level. The data 

analyzer 30a includes an XOR gate 31a and a flip- 

10 flop 32a . 

The output signal QOUT outputted from the 
output Q of the flip-flop 32a is inputted to a 
first input of the XOR gate 31a. The input signal 
XI is inputted to a second input of the XOR gate 

15 31b. The XOR gate 31a outputs a signal DIN, which 
is an exclusive-OR (XOR) between the output 
signal QOUT and the input signal X^ . 

The flip-flop 32a latches the signal DIN 
for each rise of the clock signal CLK, and 

20 outputs the output signal QOUT from the output Q. 
The output Q of the flip-flop 32a is connected to 
the output terminal 33. The result signal RESULT, 
which is identical to the output signal QOUT, is 
outputted from the output terminal 33. 

25 The data analyzer 30a, while the input 

signal X^ is at the state of the "High" level, 
inverts the result signal RESULT for each rise of 
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the clock signal CLK. On the other hand, while 
the input signal is not at the state of the 

"High" level, the data analyzer 30a does not 
invert the result signal RESULT even after the 
5 rise of the clock signal CLK, and keeps the 
result signal RESULT unchanged. 

The data analyzer 30a enables to prove that 
the input signal X, is at the "High" level from 
the operation that the result signal RESULT is 
10 inverted for each rise of the clock signal CLK. 
Moreover, the inversion of the result signal 
RESULT proves that the data analyzer 30a has no 
failure. If an inverter would be used instead of 
the data analyzer 30a, a signal outputted by the 
15 inverter would be at the "Low" level and the 
input signal Xi would be judged to be at the 
"High" level from the output of the inverter. 
However, it is impossible to deny the possibility 
that the failure of the inverter causes the 
20 output thereof to be fixed to the "Low" level. In 
the data analyzer 30a shown in Fig. 9, it is 
possible to substantially eliminate the 
possibility that the failure of the data analyzer 
30a causes the input signal X^ to be erroneously 
25 recognized as the state of the "High" level. 

As mentioned above, the present invention 
provides a comparing circuit in which it is 
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possible to eliminate the possibility that 
comparison signals are recognized to be identical 
because of a failure of the comparing circuit. 

Also, the present invention provides a 
5 comparing circuit, a failure of which is easily 
detected . 

Also, the present invention provides the 
comparing circuit in which when the comparing 
circuit is used to test the semiconductor 
10 apparatus, it is possible to reduce the time 
required to test the semiconductor apparatus. 

Also, the present invention provides a 
comparing circuit that enable t o s imu 1 t an e ou s ly 
prove that a plurality of the signals coincide 
15 with each other and that the comparing circuit 
itself has no failure 

Also, the present invention provides a data 
analyzer for judging whether or not a signal is 
at a predetermined state , a failure of which is 

20 easily detected. 

Also, the present invention provides a data 
analyzer that enables to simultaneously prove 
that a signal(s) is at some state and that the 
data analyzer itself has no failure. 

25 Although the invention has been described 

in its preferred form with a certain degree of 
particularity, it is understood that the present 
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disclosure of the preferred form has been changed 
in the details of construction and the 
combination and arrangement of parts may be 
resorted to without departing from the spirit and 
the scope of the invention as hereinafter claimed. 



